Fruiting body formation in Myxococcus xanthus depends on ordered changes in cell movements from swarming to aggregation in response to starvation. We show that appropriately starved individual cells change behavior during fruiting body formation. Specifically, from the time of initiation of aggregation, individual wild-type cells began to move with increased gliding speeds, the duration of the mean gliding interval increased, and the stop frequency decreased whereas the duration of the mean stop interval and the reversal frequency remained unchanged. Mutants lacking the cell surface-associated, intercellular C-signal (csgA mutants) failed to aggregate. Likewise, appropriately starved individual csgA cells did not change their behavior during development. In the absence of other cell-cell interactions, the motility defect of individual csgA cells was corrected in a time-and concentration-dependent manner after C-signaling was reestablished by exogenous MalE-CsgA protein. The C-signalinduced stimulation of motility depended on the cytoplasmic Frz signal transduction system. We propose that C-signal instructs cells to move with high speed and low stop and reversal frequencies into aggregation centers during development.
The formation of multicellular fruiting bodies in Myxococcus xanthus depends on temporally and spatially controlled changes in organized cell movements in response to starvation. M. xanthus cells move by gliding, a process whereby bacterial cells move in the direction of their long axes on a solid surface (1) . After starvation, swarming behavior of vegetative cells is constrained, and cells begin to congregate in aggregation centers. Aggregation culminates 24 hr after the initiation of starvation, with the formation of haystack-shaped multicellular fruiting bodies, each of which contains Ϸ10 5 cells. Within the nascent fruiting bodies, the rod-shaped motile cells differentiate into spherical, nonmotile spores (2) . A key question in understanding fruiting body formation concerns how the cells are directed into the aggregation centers.
At least five intercellular signaling systems are important for fruiting body formation (3, 4) . Cells with mutations in the csgA gene do not generate the C-signal and are impaired in aggregation and sporulation (5) (6) (7) (8) (9) . Moreover, expression of genes that are normally induced after 6 hr of starvation is reduced or abolished in csgA mutants (10) . The csgA gene codes for a cell surface-associated protein that shows homology to the short-chain alcohol dehydrogenase protein family (11) (12) (13) . However, it is not yet known whether CsgA acts as an enzyme to produce the C-signal or whether CsgA is the actual C-signal molecule. The developmental defects in csgA mutants are corrected by codevelopment with wild-type (wt) cells (3) , by exogenous C-factor protein, which is encoded by csgA (8) , or by exogenous MalE-CsgA fusion protein (12) .
Several observations have suggested a correlation between C-signaling and the organized cell movements that lead to fruiting body formation. First, cells need to be motile to engage in productive C-signaling, and it has been suggested that motility is a prerequisite to establish specific end-to-end contacts between cells required for C-signal transmission (8, (14) (15) (16) (17) (18) . Second, the earliest developmental defects in csgA mutants coincide with the first signs of aggregation in wt cells after 6 hr of starvation. Third, restored C-signaling in csgA mutants by exogenous C-factor protein or MalE-CsgA protein results in aggregation, suggesting that C-signal may induce the cell movements that lead to aggregation (8, 12) . Finally, C-signal induces chemical modification of the Frz signal transduction system (17) , which is involved in controlling directed cell movements (19) . Thus, productive C-signaling initially requires cell motility and also may induce the changes in motility that ultimately result in aggregation.
To explore the effect of C-signal on cell behavior, we have developed a single cell motility assay. Using this assay, we provide evidence that C-signal independently of other cell-cell interactions has a direct effect on single cell motility during starvation. Specifically, cells are stimulated to move with higher transient gliding speeds in longer gliding intervals and with reduced stop frequencies. This response depends on the Frz system. (22) . Tn5 lac ⍀4435 in DK5204 did not interfere with fruiting body formation or the motility response to Mal-CsgA (data not shown).
MATERIALS AND METHODS

M. xanthus
Purification of MalE-CsgA Protein. MalE-CsgA protein was purified from Escherichia coli as described (12) . The specific activity of the protein was 20 C-factor units (Cfu)͞mg protein as determined in the C-signal bioassay; 1 Cfu is defined as the amount of protein that restores wt fruiting body formation and sporulation to 2.5 ϫ 10 8 csgA cells (8) . MalE was purchased from New England Biolabs. Protein concentrations were determined in the Bio-Rad protein assay as described by the manufacturer. Before being used, MalE-CsgA and MalE proteins were dialyzed against 4 liters of A50-starvation buffer (10 mM Mops, pH 7.2͞1 mM CaCl 2 ͞1 mM MgCl 2 ͞50 mM NaCl) (7) for 18 hr at 4°. Video Microscopy. Cells were grown at 32°C in CTT medium to a density of 5 ϫ 10 8 cells͞ml and were harvested and resuspended in A50-buffer to a calculated density of 5 ϫ 10 9 cells͞ml. A portion (20 l) of this suspension was spotted on A50-1.5% agarose and was incubated at 32°C to induce development. At the indicated timepoints, cells were gently harvested from the agarose surface, were resuspended in 50 l of A50-buffer, and were diluted 100-fold in 400 l of A50. A portion (5 l) of this cell suspension was spotted on 1.5-mmthick A50-1.5% agarose prepared on a sterile standard microscope slide. Unless otherwise indicated, cells were spotted on the A50-agarose slides 5 min after being harvested. Video microscopy of cells was initiated immediately after the droplets had dried (4-5 min). All plates were prepared 24 hr before use and were stored at 22°C. MalE-CsgA or MalE protein was added to cells after they had been diluted 100-fold. Cells were exposed to protein for the indicated periods of time in suspension at 22°C with gentle shaking. Cells on agarose slides were observed by using a Leica IMB͞E inverted microscope equipped with a 20ϫ objective using phase contrast. The microscope image was captured with a Sony DXP-935 3CCD video camera connected to a personal computer and by using the image analysis program IMAGE PRO 3.0 (Media Cybernetics, Silver Spring, MD). Frames were captured every 15 s. Cells were monitored for 900 s. All observations were made at 22°C. Typical microscopic fields contained 8-12 cells. Development occurred with normal timing on A50-1.5% agarose (data not shown).
Computerized Motion Analysis of Cells. The captured microscopic fields were calibrated by using the image of a slide micrometer. The x, y coordinates of a cell in a given frame were defined as the position of the centroid of the cell. The x, y coordinates of each cell in each frame were determined by the software and were exported to a datafile together with the time, t, of the frame capture. Transient gliding speeds were calculated as follows. The displacement, d, of a cell was determined as the shortest distance between the position of the centroid of that cell in two subsequent frames:
]. The displacement divided by the time interval between the two frames then gives the transient gliding speed, s i , in that time interval,
In each experiment, the transient gliding speed for each cell in each 15-s time interval was calculated. The transient gliding speeds in the first recording interval (0-15 s) were not significantly different from the transient gliding speeds in the last recording interval (885-900 s), according to a KruskalWallis test (23) . Therefore, an experiment in which 10 cells were followed for 900 s contributed 590 independent transient gliding speed measurements, and distributions of transient gliding speeds in the populations could be prepared. To test for the statistical difference between transient gliding speed distributions, the data sets underlying the distributions were subjected to a Kruskal-Wallis test. Mean gliding speed was calculated by using only transient gliding speeds Ͼ0.35 m͞ min, the lower detection limit for active movement. Gliding intervals were calculated as the duration between a start and a stop; stop intervals were calculated as the duration between a stop and a start. A stop is a decrease in transient speed to 
RESULTS
To analyze whether cells change behavior during fruiting body morphogenesis, a motility assay was developed in which the behavior of single cells was followed. In brief, cells were starved on an agarose medium at the high cell density required for fruiting body formation. Subsequently, cells were harvested and spotted on agarose starvation medium at a low cell density, and single cell movements were recorded by using time-lapse video microscopy (see Materials and Methods). To ensure that cell movements were not influenced by interactions with other cells during the recordings, only cells that were visible in the microscopic field throughout the recording session, and were separated from other cells or slimetrails laid down by other cells by Ͼ5 m, were included in the analyses. So, in this assay, cells are stimulated by cell-cell interactions while at the high cell density, and then their behavior is scored at the low cell density. To distinguish active cell movement from background noise, movements of cells fixed with 1.0% glutaraldehyde were recorded (data not shown). The speed of these cells was 0.20 Ϯ 0.15 m͞min. Thus, the lower detection limit for active cell movement in this assay was 0.35 m͞min, and only gliding speeds Ͼ0.35 m͞min were taken to indicate active cell movement.
Motility Behavior of Individual wt Cells Changes During Starvation. The behavior of individual cells were analyzed in terms of transient gliding speeds, mean gliding speed and duration of mean gliding and stop intervals as well as stop and reversal frequencies (see Materials and Methods for a description of how these parameters were calculated). Images of cells were recorded every 15 s for 900 s, and transient gliding speeds were calculated for each cell for each 15-s interval. Speed profiles of isolated wt cells (DK5204) that had been starved for 6 hr at the high cell density, before being recorded at the low cell density, showed that the cells did not maintain a constant speed but, rather, exhibited a range of values (Fig. 1A ) in a manner similar to that of wt cells on rich medium (24) . The variation in transient gliding speeds also is reflected in the broad distribution of transient gliding speeds observed for 21 isolated wt cells that had been starved for 6 hr (Fig. 1B, 6 -hr panel). Because 30% of the transient gliding speeds in this distribution were Ͻ0.35 m͞min, an average cell was gliding 70% of the time under these conditions. All cells experienced periods of no active movement, with the duration of the mean gliding interval being 4.38 Ϯ 0.80 min and the duration of the mean stop interval being 3.53 Ϯ 0.71 min ( Table 1) . The stop and reversal frequencies were similar, and cells on the average reversed their direction of movement every 7.7 min (Table 1) . Thus, the reversal frequency is similar to that previously reported for M. xanthus cells (25, 26) .
To analyze the motility behavior systematically during development, wt cells were starved between 0 and 15 hr at the high cell density and then were recorded at the low density. The transient gliding speed distributions were broad at all timepoints for these cells (Fig. 1B) . However, the distribution changed significantly during development. After 3 hr of starvation, only 40% of the transient gliding speeds were above the detection limit for active cell movement whereas, in cells starved for 6 hr, 70% of the transient gliding speeds were above this limit. After 9, 12, or 15 hr of starvation, 70, 80, and 75%, respectively, of the transient gliding speeds were above the detection limit. Also, more cells were gliding with higher transient gliding speeds the longer the cells had been starved. Consistently, the mean gliding speed increased until after 9 hr of starvation and then remained constant (Table 1) . Speed profiles of individual cells showed that, at all timepoints, cells did not maintain a constant speed ( Fig. 1 A and data not  shown) . Thus, at all timepoints, the broad distributions of transient gliding speeds reflected that cells were changing speed rather than reflecting the existence of populations of cells moving with different but constant speeds. Between 3 and 6 hr, the duration of the mean gliding interval increased 3-to 4-fold whereas the duration of the mean stop interval remained unchanged throughout starvation (Table 1) . Consis-tently, the stop frequency decreased Ϸ3-fold from 3 to 6 hr ( Table 1 ). The reversal frequency did not change significantly, and from 6 hr on, the stop and reversal frequencies were similar (Table 1) .
Motility Behavior of Individual csgA Cells and wt Cells Is Different During Starvation. The motility parameters of csgA cells (DK5253) starved at a high cell density for various periods of time and then recorded at the low cell density were determined in the same manner as described for wt cells. At all timepoints, gliding speed profiles showed that individual csgA cells were moving with changing and low gliding speeds and exhibited frequent periods of no active movement ( Fig. 1 A and data not shown). The motility parameters of csgA cells were similar to those of wt cells after 0 and 3 hr of starvation ( Fig. 1B; Table 1 ). However, after this time, the csgA cells did not manifest the increased motility characteristics of wt cells; that is, the transient gliding speed distributions, the mean gliding speed, the duration of the mean gliding interval, and the stop frequency remained unchanged. The timepoint at which the behavior of wt and csgA cells diverged coincides with the earliest differences observed between wt and csgA cells during fruiting body formation, suggesting that the increased motility in isolated wt cells could be C-signal-dependent.
C-Signal Stimulates Motility. If C-signal stimulates motility in starved cells, then the prediction is that restoring C-signaling in csgA cells should stimulate the motility in these cells. Exogenous MalE-CsgA protein restores development in csgA mutants (12) . Therefore, to test this prediction, csgA cells were starved for 6 hr at a high cell density, were harvested, were exposed to 1.0 Cfu of MalE-CsgA protein for 30 min, and then were recorded at the low cell density (see Materials and Methods). In the presence of MalE-CsgA, 75% of the transient gliding speeds were above the detection limit for active movement, compared with only 45% in the absence of MalE-CsgA ( Fig. 2A; compare to Fig. 1B) . Moreover, MalE-CsgA induced the csgA cells to move with higher transient gliding speeds. Consistently, the mean gliding speed of the csgA cells increased after addition of MalE-CsgA (Table 2 ). Gliding speed profiles of individual csgA cells showed that the broad transient gliding speed distribution reflected that cells were changing speed (Fig. 2B) . In the presence of MalE-CsgA, the duration of the mean gliding interval of the csgA cells increased Ϸ3-fold whereas the duration of the mean stop interval was unchanged (Table 2) . Consistently, MalE-CsgA induced a 2-to 3-fold decrease in the stop frequency (Table 2) . Moreover, MalECsgA caused an increase in the reversal frequency of csgA cells (Table 2 ). To ensure that the effect of the MalE-CsgA on the behavior of csgA cells was specific for the CsgA moiety, MalE protein was added in the same concentration as the MalECsgA to csgA cells starved for 6 hr. csgA cells exposed to MalE behaved in a manner similar to nonstimulated csgA cells (Fig.  2 A and Table 2 ; compare to Fig. 1B and Table 1) .
Because wt cells were observed to increase their mean gliding speed between 6 and 9 hr of starvation (Table 1) The mean values and standard errors of the mean are shown for three independent experiments. Strains used: wt, DK5204; csgA, DK5253. *Mean gliding speed was calculated by using only transient gliding speeds Ͼ0.35 m͞min, the lower detection limit for active movement. Developmental Biology: Jelsbak and Søgaard-Andersen Proc. Natl. Acad. Sci. USA 96 (1999) analysis as to whether this increase was caused by C-signal was performed. Accordingly, wt cells that had been starved for 6 hr were exposed to 1.0 Cfu of MalE-CsgA and were observed at the low cell density. The stimulated wt cells had a transient gliding speed distribution similar to that of wt cells that had been starved for 9 hr (data not shown). Likewise, the speed profiles of the stimulated wt cells were similar to those of wt cells that had been starved for 9 hr (data not shown). Moreover, the mean gliding speed of the 6-hr cells was increased to a level similar to that of the 9-hr cells (Table 2 ; compare to Table 1 ). The remaining motility parameters in the 6-hr wt cells were unaffected by the addition of MalE-CsgA (Table 2 ; compare to Table 1 ). The stimulation of motility of csgA cells described in the previous section was observed after cells had been exposed to MalE-CsgA for 30 min. To analyze the timing of the C-signaldependent stimulation of motility and to analyze whether cells adapted to the stimulation, csgA cells that had been starved for 6 hr at a high cell density were exposed to 1.0 Cfu of MalE-CsgA for different periods of time and then were recorded at the low cell density. Exposure of csgA cells to MalE-CsgA for 10 min was insufficient to significantly change cell behavior. However, cells exposed to MalE-CsgA for 30, 50, or 70 min were stimulated and displayed similar behavior (data not shown).
C-Signal Stimulation of Motility Is Concentration-and
C-Signal Stimulation of Motility Depends on the Frz Signal Transduction System. The proteins in the Frz system are components in the motility branch of the C-signal transduction pathway (17, 21) . To test whether C-signal stimulation of motility depended on the Frz system, two experiments were carried out. First, the motility parameters of frz cells (DK9033) and frz, csgA cells (DK9035) starved for 6 hr were determined as described above. The two cell types displayed similar behavior and only exhibited limited movements ( Fig. 3A ; Table  3 ). Both cell types displayed a narrower spectrum of transient gliding speeds than csgA cells starved for 6 hr, and only 10-15% of the transient gliding speeds were above the detection limit for active movement. Likewise, the duration of the mean gliding interval was shorter than in csgA cells starved for 6 hr, and the duration of the mean stop interval was longer than that in wt and csgA cells. Consistently, the stop frequencies were higher than that of csgA cells. Second, we tested whether 1.0 Cfu of MalE-CsgA could stimulate the motility of csgA, frz cells that had been starved for 6 hr at the high cell density. MalE-CsgA had the same effect as MalE and did not cause significant changes in the motility parameters ( Fig. 3B ; Table  3 ). These observations strongly suggest that the Frz signal transduction system is required for the C-signal-dependent stimulation of motility.
DISCUSSION
A central question related to M. xanthus is how cell behavior is changed during fruiting body formation. We have addressed this question by using a motility assay in which movements of single cells are quantified. In this assay, cells proceed correctly through the different stages of fruiting body formation at a high cell density. At specific timepoints during fruiting body formation, the motility characteristics of cells are scored by removing them from the high cell density context. The cells then are dispersed on a solid surface at a density that does not allow cell-cell interactions, followed by time-lapse video microscopy. The advantage of this system is that it allows a systematic, quantitative analysis of motility parameters during development.
The experiments demonstrate that C-signal directly stimulates the motility of starved single cells in the absence of other cell-cell interactions. Specifically, C-signal caused an increase 
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The mean values and standard errors of the mean are shown for three independent experiments. Strains used: wt, DK5204; csgA, DK5253. n.d., not determined. *See Table 1 . † 1.0 Cfu of MalE-CsgA protein was added to the cells. MalE was added to a final concentration equivalent to that of MalE-CsgA protein in g͞ml.
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Developmental Biology: Jelsbak and Søgaard-Andersen Proc. Natl. Acad. Sci. USA 96 (1999) in transient gliding speeds in the duration of the mean gliding interval and a decrease in the stop frequency (an orthokinetic response) whereas the duration of the mean stop interval remained unaffected by C-signal. Several lines of evidence combine to support these conclusions. First, single wt and csgA cells behaved similarly until 3 hr of starvation and only displayed limited movements. From then on, wt cells began to move with higher transient gliding speeds for longer periods of time and with reduced stop frequencies whereas csgA cells continued to display limited movements. The time of divergence of behavior in wt and csgA cells coincides with the time at which C-signal becomes essential for aggregation. Second, the motility defects in csgA cells starved for 6 hr were corrected by exogenous MalE-CsgA protein. Moreover, the effect of MalE-CsgA specifically depended on the CsgA moiety of the protein. Third, wt cells starved for 9-15 hr moved with higher speeds than wt cells starved for 6 hr. The level of C-signaling increases during development (27, 28) , suggesting that the higher speeds of cells starved for 9 to 15 hr were caused by the increased level of C-signaling. This hypothesis was supported by the observation that the difference in behavior between wt cells starved for 6 hr and wt cells starved for 9-15 hr was eliminated by addition of MalE-CsgA to the 6-hr cells. Fourth, restored fruiting body formation in csgA mutants occurs in a narrow concentration interval of C-signal (7, 12, 27) . Stimulation of motility in csgA cells by MalE-CsgA was observed in the same narrow concentration interval. Thus, the orthokinetic response to C-signal occurs at physiological concentrations. Finally, cells were exposed to MalE-CsgA under conditions that eliminate direct cell-cell interactions, arguing that stimulation is direct and independent of other cell-cell interactions. Normally, C-signal transmission occurs by a contactdependent mechanism at a high cell density. The MalE-CsgA protein restores fruiting body formation in csgA cells (12) . Here, we have shown that MalE-CsgA stimulates the behavior of single csgA cells in such a way that their motility pattern is indistinguishable from that of single wt cells stimulated by cell-cell interactions while at the high cell density. Therefore, MalE-CsgA can substitute for C-signal produced by wt cells. The net effect of the C-signal-dependent changes in cell behavior described here is an increase in the distance traveled by a cell per minute. This is the combined result of cells gliding with higher speeds, in longer gliding intervals, with reduced stop frequencies and unchanged duration of stop intervals. C-signal may have additional effects on cell behavior that depend on other cell-cell interactions and that are not scored in the assay used here (see also below). So, to fully understand the C-signal-dependent modulation of cell behavior, the next step will be to analyze the effect of C-signal in the context of other cell-cell interactions.
Two genetic systems govern two behavioral patterns in M. xanthus (29) . The S-motility system controls gliding of groups of cells, and the A-motility system controls gliding of single cells and allows single cells to move. Here, C-signal stimulates the motility of single cells. This type of motility is regarded as reflecting the A-motility system. However, the properties of the A-and S-motility systems during development are unexplored, and, therefore, additional experiments are required to distinguish whether C-signal stimulation of motility depends on or stimulates the A-or S-motility systems.
The stimulatory effect of MalE-CsgA on cell motility in csgA cells was detected 30 min after cells had been exposed to protein, and then the behavior of cells remained unchanged over the next 55 min. Thus, cells did not show adaptation with respect to gliding speed, gliding interval, or stop frequency. The response time of 30 min is long compared with the instantaneous increase in swimming speed observed in bacteria such as Rhodobacter sphaeroides in response to certain chemicals (30) . The swimming speed in this species is several orders of magnitude higher than the gliding speed of M. xanthus cells. Clearly, a fast-moving organism has a need for a faster motility response than a slow moving organism. Thus, the system design of motility pathways may be related to the speed of the organism.
The Frz proteins are important for directed cell movements, and control the reversal frequency in M. xanthus (19) . We observed that, after 6 hr of starvation, frz mutants displayed very limited motility. Moreover, the C-signal-dependent stimulation of motility was observed to depend on the Frz system. In vegetative cells, the Frz system is involved in an orthokinetic response to an unknown substance produced by swarming cells (31) . Taken together, these observations strongly suggest that the Frz proteins may not only regulate the reversal frequency . frz, csgA cells were starved at a high cell density for 6 hr and were harvested, diluted, and exposed to 1.0 Cfu of MalE-CsgA protein (cross-hatched bars) or an equivalent amount of MalE protein (dotted bars) for 30 min and then spotted at the low cell density. Developmental Biology: Jelsbak and Søgaard-Andersen Proc. Natl. Acad. Sci. USA 96 (1999) but also may be important in the regulation of other motility parameters. C-signal, independently of other cell-cell interactions, excites the Frz system as measured by an increase in the level of methylation of FrzCD, a cytoplasmic methyl-accepting chemotaxis protein homolog, (17) . By analogy to the methylation of methyl-accepting chemotaxis proteins in enteric bacteria, FrzCD methylation is likely to be part of an adaptation response to excitation (32) (33) (34) . Therefore, C-signal is predicted to cause a transient decrease in the reversal frequency (a klinokinetic response with adaptation) (17, 32, 35) . Intriguingly, MalE-CsgA did not induce cells to move with low reversal frequencies in our assay. In fact, stimulated csgA cells had a higher reversal frequency than unstimulated cells. Moreover, wt cells starved for 6 hr and then exposed to MalE-CsgA did not experience a decrease in the reversal frequency. In vegetative cells, compounds that increase the level of FrzCD methylation do not suppress reversals. In the presence of such compounds, cells do not begin to move with a low reversal frequency until conditions that allow cell-cell interactions are attained (32) . By analogy, we propose that other cell-cell interactions are a prerequisite for C-signal to manifest its effect on the reversal frequency. In this model, C-signaling directly results in two chemokinetic responses: an orthokinetic response without adaptation in which gliding speed, gliding interval, and stop frequency are changed independently of other cell-cell interactions and a klinokinetic response with adaptation in which reversal frequency is transiently decreased contingent on auxiliary cell-cell interactions.
According to current models, orthokinetic responses without adaptation result in dispersal of cells whereas klinokinetic responses with adaptation result in accumulation of cells if reversals are suppressed when cells move up a gradient of the chemical (36) . In the case of the C-signal, both types of responses are predicted to be induced at high cell densities. We, therefore, suggest that C-signal is a cell density-dependent aggregation signal during fruiting body formation and that cells are stimulated directly by C-signal to glide with high speeds and low stop and reversal frequencies toward aggregation centers. The aggregation-inducing activity of C-signal is spatially constrained to areas with a high cell density by two mechanisms: C-signal transmission requires direct contact between cells, and auxiliary cell-cell interactions are a prerequisite for C-signal to manifest its effect on the reversal frequency. In our model for C-signal-induced aggregation (17) , cells are recruited, by end-to-end contacts with Csignaling, into chains in which cells are moving with a low reversal frequency toward aggregation centers. From the results reported here, the model can now be modified to include that cells recruited to the chains are not only moving with a low reversal frequency but also with high speeds and a low stop frequency. In the chains, cells are predicted to be exposed to increasing levels of C-signal because of two signal amplification loops. In one loop, C-signaling is required for full C-signal production; thus, C-signaling leads to more C-signal production (27, 28) . In the second loop, C-signaling results in aggregation and, therefore, a higher cell density. Because C-signaling requires direct cell-cell contact, the prediction is that aggregation per se results in increased C-signaling levels.
The increasing levels of C-signaling may ensure that cells not only experience a transient decrease in reversal frequency in response to excitation of the Frz system and adaptation when recruited to a chain but continue to move with a low reversal frequency as long as they are in a chain.
